Following observations have been made by our recent DNS (Chen et al. 2011; Liu et al, 2010 Liu et al, a, 2010b Liu et al, , 2010d Liu et al, , 2011b Lu et al, 2011a Lu et al, , 2011b Lu et al, 2012 . First, the large multiple vortex structure is studied including the vortex legs (rotation cores), first vortex ring, multiple vortex rings, stretch of the rings, secondary vortex and tertiary vortex. Here, a 2 λ visualization method developed by Jeong et al (1995) is used. Second, the sweeps and ejections induced by the large vortex rings are found very important. They produce low speed zones (negative spikes) in the upper boundary layer and high speed zones (positive spikes) near the bottom and further generate high shear layers. These multiple level high shear layers will further generate smaller vortices of different size at different level due to the shear layer instability. Therefore, the small vortices (and turbulence) are not generated by "vortex breakdown" which can never happen, but by multiple level shear layers near the solid wall surface. Therefore, these vortex packages have certain structure and are pretty stable with the energy transport channel to bring the energy down from the high energy inviscid area to the viscous boundary layer bottom. In this way, the vortex packages can be self-supported. The reason why the packages are sometime clear and sometime look like break or disappear is that the package is filled and surrounded by countless small vortices. Actually, these large vortex structures in the package are stable and must be kept in order to survive in a viscous flow. Of course, the structure of the package keeps changing inside and moving around. The packages can never stop and the relative motion between these packages can never stop either if the mean flow is not zero. This is the reason why the turbulent flow look likes "random". The reason why turbulent flow consists of these packages is because only these packages can satisfy the Navier-Stokes equations. The mean flow with random perturbations will be rejected by Navier-Stokes equations. Apparently, these turbulence packages satisfy mass, momentum and energy conservation law and have the channel to supply enough energy for survival of the dissipative small vortices, but not the base flow like Blasius solution with random perturbations. In addition, we can find four vortices merge to two and two to one, but did not see one vortex break to two vortices and two break to four vortices. This may be restrained by the second thermodynamics law.
Sketch of turbulence structure
Turbulence consists of many vortex packages (Figure1). Each vortex package has certain large vortex structure including vortex legs, multiple rings, secondary and tertiary vortices. The small vortex structure is generated by shear layers which are produced by sweeps and ejections due to large vortex rotation and consequent positive (high speed zone) and negative (low speed zone) spikes. These spikes will generate high shear layers and further multilevel vortex rings due to the shear layer instability (Figure 2 .) Therefore, small vortices (turbulence) are not generated by "vortex breakdown" (impossible) but multiple level shear layer instability (Kelvin-Helmohotz type). Each vortex package has multiple level sweeps to bring the energy from high energy inviscid zone to the low level boundary layers to support those dissipative small vortices to survive (Figure 3 .) These large and small vortex structures will further lose the symmetry and become disordered due to the internal instability of these multiple level vortex structure ( Figure 4 ). Some people may argue that there is no accurate definition of vortex which could be vortex tube as most people think, blobs of vorticity, rotation centers or even vortex sheets (Davidson, 2004) . However, small vortices (turbulence) can never be generated by 'vortex breakdown" in any sense and the Richardson eddy cascade is not observed by any DNS or experiments. 
Late flow transition control
Turbulence onset starts at the location of the first vortex ring formation. In order to delay the flow transition, we must delay the first ring formation. Whenever the first vortex ring is formed, turbulence generation is not avoidable. However, the small vortex generation is directly caused by strong sweeps which is generated by the first vortex ring ( Figure 5 ). Changing the layout direction of large vortex rings could weaken the sweep and, therefore, to delay the small vortex formation. For example, an ejection of counter vortex may delay the first vortex ring formation and then delay the transition. The perfect circular shape and perpendicularly standing vortex rings would generate strongest sweeps and should be controlled ( (Frisch et al, 1978) Classical turbulence theory about vortex chains was given by Richardson (1924) . He has a famous poem that " big whirls have little whirls, which feed on their velocity; And little whirls have lesser whirls, and so on to viscosity in the molecular sense." However, the vortex chain generated by large vortex breakdown is never observed. It is also hard to explain why one vortex breaks two and then four, etc. It is also hard to believe why viscosity plays role when the vortex size is equivalent to Re=1. How about eddy Re=2, 4, 6 etc. where viscosity does not play any role at all? As shown by our DNS, turbulence has different size of vortices from the large to the small. However, they are all generated by shear layer instability (K-H type) without exception and no vortex breakdown is observed.
Kolmogorov's hypothesis revisit

Kolmogorov scale:
The famous Kolmogorof scale is given by Russian Mathematician Kolmogorof in 1941. The scale is obtained by dimensional analysis. Assume the velocity and length related to the largest eddy are L and U , ν is the viscosity, ε is the kinetic energy, the velocity and length related to the smallest eddy are V and η , we will have the energy relation:
Re ( ) However, there are still a number of questions: 1) If the Kolmogorov micro scale is generated by "large vortex breakdown", it needs 14 cycles ( 6 ln10 13.82 ≈ ) to break down. However, why no one observed such 14 vortex breakdown cycles? 2) Why no one observed the real Kolmogorov micro scales? 3) Why the vortex breakdown must be one (lager) to two (small), but not one to ten? 4) Why the large vortex did not lose any energy during the 14 breakdown stages and the viscosity does not play any role even the micro vortex Reynolds number is 2, 4, 8,…which are also very mall? 5) The large vortex may have thousands of offspring. Why any of its offspring has the same energy as the grand-grand-grandfather's?
These questions are really hard to answer and the possible answer is we do not have Kolmogorov micro scale which is only a dimensional analysis and a concept of the order. According to our DNS observation, all small vortices are generated by shear layer instability, the smallest scale is only the stable shear layer which is the laminar bottom layer or 1 For very high Re, the turbulent motions with length scales much smaller than L are statistically independent of the components of the motion at the energy-containing scales. The energycontaining scales of the motion may be inhomogeneous and anisotropic, but this information is lost in the cascade so that at much smaller scales the motion is locally homogeneous and isotropic. If the energy is transferred over many stages to the large wave numbers where it is dissipated, then the time scales characteristic of the interactions at large wave numbers must be very much smaller than the time scale of the energy-containing eddies. The motion of these large wave numbers is close to a state of statistical equilibrium (`equilibrium range').
Thus, for
as the energy dissipation rate in the equilibrium range.
However, the hypothesis that the small length scale is universal and isotropic is hard to prove by either DNS or experiment.
Hypothesis 2 (Kolmogorov's first similarity hypothesis) For very high Re, the statistics of components in the equilibrium range, being independent of the larger scales, is universally and uniquely determined by the viscosity ν and the rate of energy dissipation 0 ε .
From these two quantities, we can define length and velocity scales that are characteristic of the motion in the equilibrium range. They are, respectively, Then, in the inertial subrange, the energy spectrum E(k) of the turbulence must be of the form
, where C is a constant. This is the famous `Kolomogorov's 5/3 law' While it is still suspicious like Landau's objection if the smallest eddies are universally equilibrium and isotropic, the energy spectrum versus wave number normalized by the Kolmogorov scale is confirmed by experimental data (Frisch, 1995) . That is a great triumph of Komolgorov. Figure 8 Energy spectrum versus wave number normalized by Komolgorof's scales. These theories have been successful and supported by late experiments (Frisch, 1995) . These conclusions were made by dimensional analysis and cannot be wrong. However they give no quantitative information. On the other hand, our multiple vortex package structure can also obtain same conclusion since the vortex package structure is universal but the multiple vortex package motion is case-related and chaotic.
Turbulent flow control
Any tool like riblets or oscillating wall which can change the vortex ring orientation, can increase or decrease the small scale generation by weakening or strengthening the vortex ring sweeps.
Turbulence modeling revisit
All eddy viscosity models are based on dimensional analysis and are, therefore, caserelated and empirical. Dimensional analysis would not count apples as orange, but may count 5 apples as 50 apples. We try to consider developing turbulence models from the other point of view.
1) Vortex package model by DNS including large vortex structure, small vortex generation and Reynolds stress. This model could be considered as universal, but may be related to Reynolds number.
2) Vortex package relative motion model by DNS (Figure 9 ). This model must be related to case including the configuration, Reynolds number and inflow conditions. Intermittency is considered as an important parameter for transitional and turbulent flow. However, we cannot think these structured turbulence packages can disappear and reappear. They must be permanently existed. Therefore, there is no "intermittency" either in transitional or fully developed turbulent flow. The "intermittency" is only a visualization of turbulence package motion which is mixed with countless small vortices. If we fix a space, the turbulence package must appear and then disappear due to its roaming.
Discussion of uniqueness of DNS solution
With same initial condition and same boundary condition, run several times of DNS on one computer, we will get same solution. However, if we run the job on different computers, we may get different solutions due to the difference in computer structure which may give different rounding errors. This gives us an idea that the DNS solution with a stable algorithm and same grids is unique.
